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Introduction
Death is the cessation of biological functions 
that maintain one’s life, occurred naturally by 
aging or pathological event, or unnatural by 
third parties such as criminal conduct, self-
murder, homicide, or traffic accident. If the 
cause of death is undetermined and suspicion 
of violence has been found, unnatural death 
should be considered before a natural death 
is concluded and affirmed by a medico legal 
examination that is autopsy. Likewise, in 
sudden death, further examination is requisite 
to establish the cause of death.1,2 Sudden death 
(SD) is a death that occurs within 24 hours 
of the onset of symptoms or unexplained 
death. More than 50% of SD is caused by 
cardiovascular diseases, referred to sudden 
cardiac death (SCD).3 SCD is an unexpected 
death caused by cardiovascular diseases, 
with or without a history of heart diseases, 
witnessed within 1 hour after an acute attack 
in clinical status, or witnessed to be alive 
within 24 hours before.4
Even though SCD incidences have declined 
due to the advancement of ischemic heart 
disease management, SCD remains a significant 
public health issue, placed among the top 
contributors for premature mortality burden, 
and responsible for up to 50% of potential 
life lost from heart diseases.5 Approximately 7 
million death/year is booked for SCD or equals 
1–2 death/1000 people.6 Incidence of SCD 
cases varies, from 41.8/100.000 individuals in 
China to 99.4/100.000 individuals annually in 
Australia and New Zealand and 50–100/100.00 
in North America and Europe.7 There is no study 
in general about the incidence/prevalence 
of SCD in Indonesia, neither in Dr. Hasan 
Sadikin General Hospital, Bandung. SCD can be 
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Abstract
Background: Sudden death (SD) is a sudden and unexpected death with an unknown cause. However, 
it has been assummed that the most common causes of sudden deaths are cardiovascular or non-
cardiovascular causes such as gastrointestinal disease, respiratory disease, genitourinary disease, 
epilepsy, and trauma. This study aimed to portray histopathological findings and causes of sudden 
cardiac death (SCD) cases based on 5 year autopsy experience in a tertiary hospital in Bandung, 
Indonesia. 
Methods: This study was a descriptive cross-sectional study exploring causes of SCD from 2015 
to 2019 at Dr. Hasan Sadikin General Hospital, Bandung, Indonesia.  All medical records with SCD 
and histopathology findings were retrieved from September to December 2020. Only cases with 
histopathological examination results were included.
Results: SCD was found in 7 of 16 patients with sudden death. Coronary atherosclerosis was the 
most common (n=4), followed by myocardial infarction (n=2) and ruptured aortic aneurysm (n=1). 
Myocarditis and calcific aortic valve diseases were not found.
Conclusions: In this study, the most common cause of SCD is coronary atherosclerosis, which is 
identified mainly in older and male patients.
Keywords: Autopsy, forensic, coronary atherosclerosis, sudden cardiac death
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identified by understanding the pathogenesis 
process of the disease through autopsy. It 
is classified into coronary atherosclerosis, 
myocardial infarction (MI), myocarditis, aortic 
valve disease, and ruptured aortic aneurysm.2 
In autopsy, macroscopic and microscopic 
findings are requisite in establishing the cause 
of death.8 
Due to the high number of cardiovascular 
diseases, cardiovascular deaths, and SCD 
cases worldwide our study aimed to give a 
portrait of the causes in SCD cases and the 
histopathological findings based on 5 year 
autopsy experience in a tertiary hospital in 
Bandung, Indonesia.
Methods
This study was conducted from September 
to December 2020 with descriptive cross-
sectional research. Medical records of a 
diagnosed patient with SCD from 2015 to 
2019 were collected as the data source. The 
Research Ethics Committee of Universitas 
Padjadjaran had approved data collection 
using the medical record with ethical 
exemption number: 746/UN6.KEP/EC/2020 
and the Research Committee of Dr. Hasan 
Sadikin General Hospital. The total sampling 
method was used in this study.
Medical records were evaluated, included 
the causes of SCD with the histopathology 
findings of the heart, gender, and age. Data 
were considered eligible if the patient 
was diagnosed with SCD by autopsy and 
were histopathologically examined in the 
Forensic Installation, Dr. Hasan Sadikin 
General Hospital. Data were excluded when 
an autopsy procedure was not performed, 
no histopathology examination, and if the 
cardiovascular system did not cause the SD.
Data were then grouped according to 
the cause of SCD with its histopathology 
findings of the heart as followed; coronary 
atherosclerosis, myocardial infarction, 
myocarditis, calcific aortic valve disease, and 
ruptured aortic aneurysm. In this study, the 
age variable was obtained from the estimated 
age during the autopsy procedure and then 
grouped into elderly (≥60), late adults (46–
59), early adults (26–45), and younger (≤25).
The data were then analyzed and presented 
descriptively in frequency tables (Microsoft 
Office Excel 2016) and narrated to portrait SCD 
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Figure 1 Flow Chart of Data Collection of Sudden Cardiac Death 2015–2019
Note: SD= sudden death. Inclusion criteria are SCD, sudden cardiac death
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cases based on the caused and histopathology 
findings, age, and gender.
Results
During the 2015–2019 periods, only 16 
out of 77 autopsied SD cases proceeded to 
histopathology examination, of which 7 were 
diagnosed with SCD. The most common SCD 
cases were in the elderly group. The youngest 
patient was 50 years old and the oldest was 
70 years old. There was thus a trend that the 
incidence and the risk of SCD were increased 
in the older population, although due to a low 
number of cases, statistical analyses could not 
be calculated. 
Based on gender, the male patient was 
predominantly among the cases (6 of 7 cases). 
The most common histopathology finding 
of SCD was coronary atherosclerosis (4 of 
7 cases) as the primary contributing factor 
as the cause of death whereas myocardial 
infarction and accompanied by atherosclerosis 
as the etiology was found in 2 of 7 cases. The 
remaining 1 case was attributed to a ruptured 
aortic aneurysm with an atheromatous 
appearance. Interestingly, there was no case 
found on neither myocarditis nor calcific 
aortic valve disease. 
As for cases of coronary atherosclerosis 
(case 1–4), it showed a variety of appearances, 
such as intimal thickening, fibrous cap, 
ruptured plaque, and others. Nevertheless, 
all of them already developed the final stage 
of the atherosclerotic lesion, calcification, 
of which lumen occlusion (3 of 4 cases) had 
developed over 80%. The case of myocardial 
infarction (case 5) implied the infarction had 
been going on in the first 24 hours due to the 
edema. The other myocardial infarction (case 
6) implied infarction had been going on for 3 to 
7 days and was accompanied by rupture of the 
heart in macroscopic findings. In the ruptured 
aneurysm (case 7), the aneurysm developed 
in the thoracic aorta, leading to massive blood 
loss.
Discussion
In SCD cases, especially in out-hospital settings 
and unwitnessed death, suspicion elements of 
unnatural death or involvement of third parties 
should be considered in the first place. Further 
examination is requisite to show beyond doubt 
that the case is linked with a medicolegal case 
or not, which may lead to trials and is the law 
of this country. Visum et Repertum (VeR), 
a powerful letter concluded by the doctor 
through comprehensive examination or 
autopsy holds a critical value and as legitimate 
evidence in the trials, which incorporate 
the mechanism of death, cause of death, and 
manner of death, also concludes whether the 
case is related to medicolegal cases or not. 
Therefore, autopsy serves as a procedure to 
ascertain the cause of death, issuing death 
certificates, and conclude medicolegal cases.1
In the advancement of technology, 
medicolegal autopsies procedure, specifically 
in SCD cases, do not only serve as tools to 
ascertain the cause of death but also serve as 
knowledge for preventing SCD by knowing 
underlying cardiac disorder, which can be 
hereditary, through integrating genetic testing 
in the management of SCD. Information about 
the risk of evolving disease in the family might 
of beneficial thus prevention can immediately 
Table 2 Cause of Death based on 
  Histopathology Findings among  




     Atheromatous plaque
     Platelet aggregation





     Lymphocytic
     Neutrophilic
     Eosinophilic





Calcific aortic valve disease -





Table 1 Characteristics of SCD 
Data Characteristics Frequency (n=7)
Age group
     Younger (≤25 years old)
     Early Adult (26–45 years old)
     Late Adult (46–59 years old)






    Male
    Female 
6
1
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be carried out.9
In this study, the most common cause of 
death of SD cases is cardiac compared to all 
SD cases. Although the number of the cases 
is limited, another study has shown that up 
to 85% of SD cases are of cardiac origin.10 
This limited number might be due to financial 
elements, ethical consideration, community 
knowledge of autopsy, and religion, that may 
contribute to the low number of autopsies in 
Figure 2 Histopathological with Hematoxylin and Eosin (H&E) Stain Findings of 7 SCD Cases 
Note: Case 1-4, coronary atherosclerosis. 1. Lumen occlusion <80%, intimal thickening, plaque ulceration, 
and calcification. 2a. Lumen occlusion >80%, intimal thickening, and calcification. 2b. 100x magnifications, 
arrow indicated cholesterol crystal plaque. 3a. Lumen occlusion >80%, intimal thickening, and fibrous cap. 
3b. Ruptured plaque and calcification. 4. Lumen occlusion >80%, intimal thickening, and calcification. Case 
5-6, Myocardial infarction. 5. Fragmentation of fiber, inflammatory cell infiltration, and edema. 6a. The 
waviness of fiber. 6b. Fragmentation of fiber. 6c. Inflammatory cell infiltration. 6d. Contraction band and 
necrosis. 7. Ruptured aortic aneurysm with wall thinning, hyalinization of tunica media, adventitia with 
inflammation cell, and ruptured lumen with clotting
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Indonesia and worldwide.11 
Only 16 out of 77 (20.7%) of autopsied 
cases in our study have been proceeded 
to histopathology examination since the 
procedure is not conducted as compulsory. 
The Association of European Cardiovascular 
Pathology Guidelines for autopsy investigation 
of SCD suggests that histopathological 
examination is one of the minimum standards 
procedure.12 In fact, histopathological 
examination holds an essential function to 
confirm, establish, or reject macroscopical 
examination.13 This study has shown that 
the mechanism of death of 40% out of 428 
autopsy cases has been found by microscopic 
examination, even though no abnormality has 
been shown in the macroscopic examination. 
In practice, extensive autopsy (including 
histopathology and lab examination) can 
suppress the unexplained cause of death from 
5–10% to 1–5%.10 In other countries, such as 
Denmark, forensic autopsies are compulsory 
when external examination cannot establish 
the cause of death or related to the criminal 
investigation, and the histopathology 
examination is conducted as a routine 
examination.14 Those statements should serve 
as a role model for Indonesia to fulfill the 
primary standard in performing the autopsy, 
to reveal and to establish the cause of death, 
as well as to publish the death certificate. A 
similar study in Manado, Indonesia,15 has also 
shown a low incidence of SCD due to low cases 
proceeded to autopsy to establish the cause of 
death.
Furthermore, our study has shown that the 
most common cause of SCD cases is coronary 
atherosclerosis. About 70 to 80% causes 
of death in SCD cases general population 
is coronary heart disease (CHD).7,10 Those 
findings are related and may cause many risk 
factors for SCD parallel with a risk factor for 
CHD itself.16 
Coronary atherosclerosis is correlated 
with myocardial infarction due to depletion 
of oxygen from anatomical alteration. 
Pathologists conclude that at least 80% lumen 
occlusion is needed for infarction to develop. 
However, this number is still debatable; it 
turns out a relatively small degree of coronary 
atheroma still can cause infarction.2 Infarction 
in our 4 coronary atherosclerosis findings is 
absent in this study. These findings could occur 
when sampling errors are not carried out at 
the center of the lesion. MI can be focal, diffuse, 
and patchy, and it needs hours to develop 
due to microscopical changes in ischemic 
circumstances.14 Other studies conclude that 
SCD in coronary atherosclerotic settings could 
result from myocardial electrical instability 
from coronary disease structural impairment 
or acute ischemia.16 
In this study, all coronary atherosclerotic 
findings are accompanied by calcification 
lesions. Calcification is responsible for plaque 
progression and increased lumen occlusion 
that worsening and provokes cardiovascular 
disease (CVDs) episodes, leading to death. 
However, based on previous research, 
consuming statins would control and prevent 
the diseases’ severity by decreasing plaque 
formation and stabilization of plaque. This 
indicates that all of the luminal narrowing and 
calcification cases in this study may be caused 
by an uncontrolled and untreated disease 
that provoke cardiovascular disease (CVDs) 
episodes and causing death.17
Interestingly, all of the MI cases in our 
study are caused by the atherosclerotic 
lesion, causing hypoperfusion and myocyte 
death, conform to the theory that the most 
common cause of myocardial infarction death 
is an atherosclerotic plaque and only 10% 
of transmural MI coronary atherosclerosis 
finding. Platelet aggregation and thrombus 
might thus the cause of this infarction. 
Furthermore, the duration and severity of 
blood flow reduction are the essential factors 
in disease outcome.18 MI could cause SCD from 
disturbing cardiac contractility, electrical 
stimulation of heart or arrhythmia, myocardial 
fibrosis, cardiac aneurysms, and rupture of the 
heart.2
Rupture of an aneurysm is the most frequent 
extracardiac etiology of the SCD, categorized 
as atheromatous type and dissecting type; of 
which atheromatous type is the most common 
type; similar to our finding, which is mainly 
in the abdominal aorta. Although our case is 
in the thoracic part; this may be due to a low 
number of samples included. The blood would 
penetrate the degenerated vessels’ weakest 
point, leaked to the surrounding tissue, and 
causing death.2
The incidence of SCD occurs mainly in the 
elderly population.7 There is a correlation 
between increased risk of SCD around age 35 
years with increased CHD prevalence.19 In the 
young population (<35 years), SCD incidences 
are much lower, approximately 0.01/100 
populations annually, and primarily due to 
inherited genetic diseases.12
Based on gender, the incidence of SCD cases 
is more significant in males, with almost 4–7 
fold in the population before 65 years old.19 In 
Manado15, 9 out of 10 SCD cases are male, it is 
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similar to our finding in this study. Coronary 
atherosclerosis, myocardial infarction, and 
ruptured aortic aneurysm, CVDs in general, 
need time to establish their pathogenesis and 
cause mortality. Therefore, those diseases 
relatively more often take place in the adult 
population. Tobacco, alcohol, excessive 
salt intake, obesity, hypertension, diabetes, 
physical inactivity, air pollutant, and toxic 
metals were responsible for developing CVDs. 
Hence, better policy, surveillance, research, 
treatment, and both primary or secondary 
prevention are needed to reduce the burden 
of these preventable diseases, especially for 
susceptible populations.4,20
There are some limitations to this study. 
Firstly, the low number of autopsy and 
histopathological examinations as a method 
to diagnose SCD affects the study’s result, 
however, the distribution may reflect the 
general findings in another study. Secondly, 
most of the medical records show many 
unknown identity patients (n=125, 41.9%); 
implying that the case is not being thoroughly 
examined, neither autopsy nor histopathology 
examination. 
In conclusion, the most common cause of 
SCD in our study is coronary atherosclerosis, 
mainly in the older population and males. 
Since SCD is one of the highest burdens of 
mortality, it becomes a public health issue. 
Understanding histopathology findings is thus 
necessary to establish the cause of death, to 
fulfill the minimum standard of autopsy in SCD 
cases, and to improve the management and 
prevention in reducing the mortality of SCD.
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